ABSTRACT An experiment was conducted to evaluate the effects of sugarcane bagasse (SB) and particle size on broiler performance, gizzard development, ileal microflora, litter quality, and bird welfare under a wet litter challenge model. A total of 672 one-day-old Ross 308 male broilers was allocated to 48 pens using a 2 × 2 × 2 factorial arrangement of treatments with corn particle size-coarse 3,576 μm (CC) or fine 1,113 μm (FC) geometric mean diameter, SB -0 or 2% and sodium (Na) -0.16 or 0.40% with increased Na level to induce wet litter. A 3-way particle size × Na × SB interaction (P < 0.05) was observed for weight gain at d 10. Birds fed FC showed a higher weight gain compared to birds fed CC when 0.40% Na without SB diet or 0.16% Na with 2% SB diet was offered. A significant particle size × SB interaction was observed at d 24 on feed conversion ratio (FCR; P < 0.001) and weight gain (P < 0.05). FCR was reduced by 2% SB supplementation in birds fed CC but increased in birds fed FC. Further, weight gain of birds fed 2% SB was higher in birds fed CC but not in those fed FC. On d 35, birds fed 2% SB had a higher weight gain (P < 0.001) compared to those without SB, and a SB × particle size interaction on relative gizzard weight (P < 0.05) and pH (P < 0.05) was present. SB reduced gizzard pH and increased the relative gizzard weight in birds fed the FC diet but not the CC diet (P < 0.05). Counts of ileal Bacillus spp. were increased in birds fed SB (P < 0.05) on d 24. No effects of SB and particle size on litter quality and bird welfare were observed, but higher Na increased litter moisture and footpad dermatitis (FPD) scores (P < 0.001). These findings suggest that SB independently or in combination with CC improves performance in older birds regardless of Na level in diets, possibly through improved gizzard development and gut microflora of birds.
INTRODUCTION
The legislation to ban the use of in-feed antibiotics in the poultry industry in the European Union and voluntary removal of antibiotics in animal feed have led to the emergence of wet litter problems due to enteric disorders. Thus, broiler performance and profitability are affected (Hofacre et al., 2003; Collett, 2012) . There has been a concerted effort to find alternative strategies to modulate gut microflora, augment the immune response, and reduce pathogens through management and nutritional intervention, such as inclusion of fiber and large particle sizes in the diet, in an attempt to improve health and digestive efficiency of broilers. There is no clear consensus on the effects of ingredient particle size and dietary fiber on broiler performance. Large C 2017 Poultry Science Association Inc. Received April 1, 2017. Accepted August 5, 2017. 1 Corresponding author: shubiao.wu@une.edu.au particle sized ingredients and high levels of fiber were reported to have negative effects on broiler performance (Lott et al., 1992; Sklan et al., 2003) . However, it is well documented that structural components of feed, such as coarse fiber or ingredient particle size, modulate the gastrointestinal development and function and can improve gut health and litter quality (Mateos et al., 2012; Xu et al., 2015a,b; Jiménez-Moreno et al., 2016; Kheravii et al., 2016) . The inclusion of fiber or coarse particles in diet has been shown to increase digesta retention time in the upper part of the gastrointestinal tract (GIT) (i.e., from crop to gizzard), stimulate gizzard function (Nir et al., 1994; Hetland et al., 2005) , and increase the secretion of HCl in the proventriculus (Duke, 1986) in broilers. It has been shown that low pH in the upper GIT improves solubility and absorption of mineral salts (Guinotte et al., 1995) and pepsin activity (Sklan et al., 1978) . Therefore, feed modulations by addition of fiber and coarse particles may be beneficial to growth performance of the broiler chickens.
4006
It has been reported that sodium (Na) stimulates intestinal adenosine triphosphatases and is involved in small intestinal nutrient transport (Gal-Garber et al., 2003) and thus improves broiler performance (Vieira et al., 2003 ). However, a high level of Na in the broiler diet is associated with the occurrence of wet litter and bird welfare issues (Collett, 2012) . Currently, the control of litter moisture is a priority in the broiler industry to reduce productivity losses and minimize bird welfare issues due to footpad dermatitis (FPD), hock burn (HB), and ammonia production. Wet litter was found to increase FDP, HB, and breast irritations and reduce broiler performance (de Jong et al., 2014) . Different strategies to minimize litter moisture to improve welfare and performance of the birds have been examined. These include the use of appropriate bedding materials, such as wood shavings, sugarcane bagasse (SB), rice husk, and pelleted wheat straw (Monira et al., 2003; Teixeira et al., 2015; Kheravii et al., 2017) ; the use of coarse particle ingredients in broiler diet (Xu et al., 2015a) ; and the inclusion of an appropriate source of fiber in the diet (Jiménez-Moreno et al., 2013a) . The degree of lignification of fiber is a key characteristic that affects bird productivity and physiology (Mateos et al., 2012) . It has been reported that feeding of fiber rich in lignin exhibited a positive effect on fecal consistency, litter quality, gut microflora, and its fermentation activity in chickens (Bogus lawska-Tryk et al., 2015; Milosevic et al., 2015) . The structural components of feed, including particle size or fiber, have been shown to affect retention time, pH in the gizzard, and bacterial population in the gut (Jacobs et al., 2010) . Singh et al. (2014) concluded that the inclusion of coarse corn (CC) in broiler diets increased Lactobacillus spp. and decreased Clostridium spp. and Campylobacter spp. It appeared that dietary fiber has the potential to maintain balanced gut flora to enhance health and wellbeing of the animals through improved gut health (Gibson et al., 2004; Bogus lawska-Tryk et al., 2015) . This study aimed to evaluate the effect of SB and corn particle size on growth performance, litter quality, gizzard development, gut microflora, and welfare of birds fed normal and high salt feed.
MATERIALS AND METHODS

Experimental Design and Bird Management
A total of 672 one-day-old male Ross 308 chicks was obtained from Baiada Hatchery in Tamworth, NSW, Australia. Chicks were randomly assigned to 8 treatments in a 2 × 2 × 2 factorial arrangement of treatments consisting of: SB -0 or 2% inclusion in the diets; corn particle size-coarse at 3,576 μm or fine at 1,113 μm geometric mean diameter (GMD); and Na -0.16 or 0.4% inclusion in diets. The GMD of corn particle size was determined according to the American Society of Agricultural Engineers (2003) . The broiler chicks were reared in pens measuring 75 cm × 120 cm up to d 35. Wood shavings were used as bedding material to a depth of approximately 7 cm in each pen. Pens were equipped equally with a plastic tube feeder and nipple drinkers. Feed and water were provided ad libitum. The lighting, relative humidity, and temperature were maintained in accordance with Ross 308 guidelines (Aviagen, 2014) .
Sugarcane Bagasse
The SB was provided by FCR Consulting Group, Brisbane. The composition of SB was determined ("as is" basis) for total non-starch polysaccharides (NSP) and lignin following the method described by Englyst et al. (1994) and Kirk and Obst (1988) , respectively. The SB contained 6.1 g/kg free sugar, 191 g/kg lignin, 534 g/kg insoluble NSP, and 1.9 g/kg soluble NSP.
Diets and Bird Performance
The ingredient and nutrient composition of the experimental diets are shown in Table 1 . All of the 8 diets based on corn, soybean meal, and meat meal were formulated to meet the minimum nutrient profiles of the Ross 308 specifications (Aviagen, 2014) . Herein, the composition of diets were diluted when 2% SB was added over the top of the complete feed. All the diets were thoroughly mixed and cold-pelleted (65
• C). Birds were fed in the phases of starter (d 0 to 10), grower (d 11 to 24), and finisher (d 25 to 35). Birds and leftover feed were weighed and the average weight gain, feed intake, and FCR were calculated based on the measurements at the end of the starter, grower, and finisher phases. Mortality was recorded on a daily basis. 
Animal Ethics
Gizzard Measurements
Empty gizzards without proventriculi were weighed and recorded along with bird weights. Gizzard contents of 2 birds were collected to measure pH by using a calibrated pH meter (EcoScan pH 6). The relative gizzard weight was calculated as mass per unit of live body weight (g/100 g of live body weight).
Water Intake and Fresh Excreta Moisture
From d 17 to 24, water consumption was measured by pen replicate and the water: body weight ratio calculated. Water intake was determined as the difference between water supplied and water remaining in the bottle. On d 24, 2 birds from each pen were transferred to another room and placed in metabolic cages. After 2 d of adaptation, on d 26, the fresh excreta were collected from cleaned trays placed beneath the cages. The excreta from each cage were collected and weighed before and after being oven-dried at 100
• C for 24 h. The moisture content was then determined according to the method described by Barker et al. (2013) .
Extraction of Ileal Bacterial DNA
Around 1 g of homogenized ileal digesta was collected into a 2-mL Eppendorf cap lock tube, snap-frozen in liquid N2, and stored at −20
• C until required for DNA extraction. Ileal digesta DNA was extracted using a QIAamp DNA Stool Mini Kit, Cat No. 51,504 (Qiagen, Hilden, Germany) with some modification. Approximately 300 mg of glass beads (0.1 mm) and 190 mg of frozen ileal contents were placed in a 2-mL Eppendorf tube. Then 400 μl ASL buffer was added followed by disruption of the cells by bead beater mill for 45 s at a frequency of 30/S. An aliquot of 1,000 μL of ASL buffer was added to the samples and vortexed for 1 min. The samples were incubated at 95
• C for 5 min and vortexed and centrifuged at 20,000 × g for 1 min. An InhibitEX Tablet was dissolved in the supernatant of each sample and vortexed immediately until the tablet was completely suspended. The suspension was incubated for 1 min at room temperature to allow inhibitors to adsorb to the InhibitEX matrix. The samples were centrifuged at 20,000 × g for 3 min to pellet inhibitors bound to InhibitEX matrix. The supernatant was transferred into a new 1.5 mL microcentrifuge tube and centrifuged at 20,000 × g for 3 min. An aliquot of 15 μL of proteinase K was added to 200 μl supernatant, and then 200 μL of buffer AL were added followed by incubation at 70
• C for 10 min. The lysate was mixed with 200 μl of absolute ethanol and then centrifuged in a QIAamp spin column at 20,000 × g for 1 min with the flow-through discarded. Wash buffer AW1 (500 μL) and AW2 (500 μL) were applied at independent steps to Table 2 . Sequence of primers used for the qPCR analysis of selected microbial populations in ileal digesta samples. purify DNA, through centrifugation at 20,000 × g for 1 and 3 min, respectively, to remove the wash buffer and to dry the silica membrane completely. Finally, 50 μL of Elution Buffer were used to elute DNA into a 1.5-mL Eppendorf tube. The extracted DNA was stored at −20
• C until required.
Quantitative PCR (qPCR) of Ileal Microflora
The dominant bacteria groups in the small intestine, Bifidobacterium spp., Lactobacillus spp., Bacillus spp., Ruminococcus spp., Bacteroides spp., Salmonella spp., Clostridium spp., and Enterobacteriaceae, were quantified using the qPCR method. The 16S rRNA primers were used and are shown in Table 2 . The extracted ileal DNA was diluted 20 times in autoclaved water, and the amplification of the desired bacteria from the extracted DNA was performed using a Rotorgene 6500 real-time PCR machine (Corbett Research, Sydney, Australia). For PCR reactions, a reagent mix containing SYBR Green (SensiMix SYBR No-Rox, Bioline, Sydney, Australia) was used. The reaction in a volume of 10 μL contained 5 μL of 2 × SensiMix, 300 mM of each primer and 2 μL of DNA template. The PCR was performed in duplicate, and if the difference of threshold cycle (Ct) values between the duplicates was >0.5, the assay of the sample was repeated.
PCR was performed in a Rotorgene 6500 real-time PCR machine (Corbett, Sydney, Australia). The Ct average from the duplicate samples was used for data analysis. Serial dilutions of linearized plasmid DNA (pCR R 4-TOPO Vector, Life Technologies, Carlsbad, CA, USA) inserted with respective bacterial amplicons were used to construct a standard curve. The concentrations of the plasmid DNA were measured using NanoDrop ND-8000 (Thermo Fisher Scientific, Waltham, MA, USA) prior to the serial dilutions. The number of target DNA copies was calculated from the mass of DNA, taking into account the size of the amplicon insert in the plasmid. Bacteria numbers were expressed as log 10 (genomic DNA copy number)/g digesta.
Footpad Dermatitis and Hock Burn Scoring
On d 35, 3 birds from each pen were scored for FPD and HB. The procedures described by Allain et al. (2009) and Kjaer et al. (2006) were used to score FPD and HB, respectively. For FPD, a 10-point (ranging from 0 to 9) scale was used based on extent and appearance of lesions: 0 indicates no lesions and 9 the most macroscopic deep lesions. For HB, score 1 refers to no lesions, score 2 minor lesions, and score 3 major lesions.
Litter Quality (structure) and Moisture Content
Litter quality (structure) was scored per pen by visual inspection at d 35. Litter was scored using a 4-point scale (ranging from 0 to 3): 0 = dry; 1 = slightly moist/caked; 2 = more moist/caked; and 3 = wet. On d 35, a composite sample of approximately 1 kg of litter was obtained by pooling subsamples collected from 5 locations (around feeder, drinkers, and end of the pen) in each pen. Each sample was weighed accurately before drying in an oven at 105
• C for 24 h. The moisture content (MC) was calculated (Barker et al., 2013) .
Statistical Analyses
All data were analyzed using the General Linear Models (GLM) procedure of SPSS statistics version 22 (IBM, Armonk, New York) for the main effects of particle size, SB supplementation, and Na levels, along with their interactions. Differences between mean values were determined using the LSD test at the level of P < 0.05. 
RESULTS
Broiler Performance
Broiler performance results are presented in Tables 3  and 4 . On d 10, FCR decreased (P < 0.001) in birds fed the diet containing 0.40% Na compared to those fed the diet containing 0.16% Na, while it increased (P < 0.001) in birds fed the diet supplemented with 2% SB compared those fed the diet without SB supplementation. Meanwhile, birds fed the diet containing 0.40% Na had lower feed intake than those fed the diet containing 0.16% Na. A 3-way particle size × Na × SB interaction (P < 0.05) on weight gain was observed. Interestingly, birds fed fine corn (FC) showed higher weight gain compared to birds fed CC only when 2% SB was supplemented in diets containing 0.16% Na, or when no SB was supplemented in the diet containing 0.40% Na. On d 24, birds fed the diet supplemented with 2% SB had higher feed intake (P < 0.05) than those without SB in their diet. A particle size × SB interaction was observed for both FCR (P < 0.001) and weight gain (P < 0.05). In this respect, regardless of the levels of Na, the birds fed CC had a lower FCR only when 2% SB was supplemented, whereas the supplementation of 2% SB in the FC diet increased FCR. Meanwhile, addition of 2% SB increased weight gain only in the birds fed CC but not in those fed FC. On d 35, the birds receiving 2% SB had higher weight gain (P < 0.001) and feed intake (P < 0.001) compared to those without SB. The SB × particle size interaction on FCR continued to d 35, when CC resulted in lower FCR only when 2% SB was supplemented (P < 0.05). No effect of dietary Na on bird performance was observed on either d 24 or 35.
Effect of Corn Particle Size, SB, and Na on Gizzard
The effects of corn particle size, SB, and Na level on the relative gizzard weight and its content pH are presented in Table 5 . A particle size × SB interaction was observed for both relative gizzard weight and pH (P < 0.05). Regardless of the levels of Na, addition of 2% SB reduced gizzard pH and increased the relative gizzard weight in the FC fed birds but not in the CC fed birds. Na levels had no effect on the relative gizzard weight or pH on d 35.
Water Intake and Moisture Content of Excreta
Water consumption and moisture content of the excreta were affected by SB and Na level but not by particle size (Table 6 ). The average daily water consumption (ml/kg body weight) from d 17 to 24 and moisture content of the excreta (%) at d 26 were higher in birds fed SB compared to those fed SB-free diets (P < 0.05). Meanwhile, the birds fed the 0.40% Na diet had higher water consumption and moisture content of the excreta than those fed the 0.16% Na diet. There was no interaction among particle size, SB, and Na level on water consumption and moisture content of the excreta (P > 0.05). boffset="-3pt"
Effect of Corn Particle Size, SB, and Dietary Na level on Ileal Microflora
Significant changes of ileal Bacillus, Bifidobacterium, and Clostridium were observed in response to the (Tables 7 and 8 ). Ileal Bacillus increased in birds fed diets containing SB compared with those fed diets without SB (P < 0.05). A particle size × Na level interaction was observed for the counts of Bifidobacterium (P < 0.05) and Clostridium (P < 0.01). 0.40% Na reduced Bifidobacterium and Clostridium populations in birds fed the FC diet but not in those fed the CC diet, while CC inclusion in the diet reduced both groups of bacteria in birds fed diets with 0.16% Na but not 0.40% Na.
Litter Score and Moisture Content
As expected, 0.40% Na in the diet increased litter moisture content (P < 0.001) and produced caked litter (P < 0.001), as shown in Table 9 . Inclusion of SB and particle size had no effect on the litter score or moisture content (P > 0.05). A SB × Na interaction tended to be significant (P = 0.070) for litter moisture content. 2% SB supplementation in diets tended to reduce litter moisture content when the birds were fed the diet with 0.40% but not 0.16% Na.
Incidence of Footpad Dermatitis and Hock Burn
0.40% Na in the diet led to a higher incidence of FPD in birds (P < 0.001) than the diet containing 0.16% Na, and there was a tendency (P = 0.056) for higher incidence of HB in the birds fed the 0.40% Na diet compared to the 0.16% Na diet (Table 10) . Corn particle size and SB had no effect on FPD or HB (P > 0.05). No interactions were observed among particle size, SB, and Na level on FPD or HB (P > 0.05).
DISCUSSION
This study investigated the effects of Na level, inclusion of SB, and larger corn particle size in diets on bird performance, gizzard development, ileal microflora, and litter quality. The study showed that corn particle size and SB treatments significantly affected broiler performance in a different way during early and late stages of bird growth. It was demonstrated that 2% SB supplementation and CC particle inclusion in the feed improved bird performance, possibly through improved gizzard development and altered gut bacterial load. Elevating the dietary Na level from 0.16 to 0.40% increased water intake, increased the moisture level of the excreta and litter, and worsened litter quality without apparent performance compromise. During the starter period (0 to10 d), 0.40% Na in the diet produced lower FCR of the birds compared to 0.16% dietary Na. This is in agreement with the findings of Maiorka et al. (2004) who concluded that 0.40% total Na in the broiler diet at an early age improved FCR. Vieira et al. (2003) also reported that an increase in Na content of the diet improved the growth and FCR during the starter phase of broiler growth. It has been demonstrated that Na has an important role in feed intake just after hatching, as it stimulates the secretion and activity of certain digestive enzymes (Mushtaq et al., 2013) . Na also stimulates the secretion of intestinal adenosine triphosphatases and is involved in nutrient transport in the small intestine (Gal-Garber et al., 2003) . As the dietary Cl (0.50 vs. 0.25% in the starter; 0.57 vs. 0.24% in the grower; and 0.59 vs. 0.24% in the finisher) was also higher in high Na diets, higher Cl could also be a factor in improving the performance in the birds fed high Na diets. Koreleski et al. (2011) concluded that a high level of Cl in broiler feed improved performance in the starter phase (d 1 to 15) but did not have an effect during the rest of the growth period (d 16 to 42). Thus, it may be suggested that elevated levels of Na and Cl above the recommendation level for Ross 308 broilers can be used in the starter phase to improve performance. However, the effect may not last till later stages as has been shown in the current study and reported in other studies.
A particle size × Na × SB interaction for weight gain at d 10 was observed, when birds receiving 0.40% Na in the FC diet without SB recorded higher weight gain compared to those fed the 0.16% Na in the CC diet with SB. This may be due to: 1) reduced particle size of corn in the FC diet increasing surface area, allowing greater access to digestive enzymes (Goodband et al., 2002) ; 2) the limitation imposed by an underdeveloped gizzard was less of an issue in younger birds when the corn was finely ground; and 3) a high Na level stimulated intestinal adenosine triphosphatases, enhancing small intestinal nutrient transport (Gal-Garber et al., 2003) . In addition, higher FCR was observed in the birds receiving 2% SB. This may be due to the addition of 2% causing: 1) minor challenge to young birds due to undeveloped digestive systems thus less efficiency in feed conversion; and 2) the dilution of nutrients in the diet. On d 24 and 35, on the other hand, both CC and SB improved broiler performance, and the combination of both had a greater benefit than when they were applied alone. However, literature findings (Nir et al., 1994; Chewning et al., 2012; Xu et al., 2015b) for the effect of corn particle size on broiler performance are inconsistent. Amerah et al. (2007) and Naderinejad et al. (2016) stated that particle size treatments within pelleted diets had no effect on growth performance, whereas Lott et al. (1992) observed that the birds performed better when corn particle size was decreased from 1,196 to 716 μm GMD up to d 21. In the current study, CC inclusion in the diet benefited the birds in the later stages of the grow-out. This inconsistency may be attributed to the type of diets used, age of birds, and genetic differences of birds due to the breeding program during different times.
In recent years, the beneficial effects of structural materials on gut health and nutrient utilization in poultry have become an important topic. The so-called structural materials refer to the intact plant cell walls that are coarse in their physical form and insoluble fiber (NSP and lignin) in their chemical nature. The beneficial effects appear to depend on type, physical structure, and amount of fiber in the diet (Hetland and Svihus, 2001; Jiménez-Moreno et al., 2013b) . For instance, Jimenez-Moreno et al. (2009) and Jiménez-Moreno et al. (2013b) showed that the inclusion of moderate levels of insoluble fiber in the broiler diets improves performance, especially FCR. The recent studies have demonstrated the beneficial effect of a moderate level of inclusion of dietary fiber in the diet on performance and digestive functions in broilers (Mateos et al., 2012; Jiménez-Moreno et al., 2016) . This effect comes from the ability of structural materials to stimulate: a) the gizzard to improve its development and function (Gonzalez-Alvarado et al., 2008; Sacranie et al., 2012) and b) gut reflex and enzyme production (Svihus, 2011; Jiménez-Moreno et al., 2013a) to enhance nutrient digestibility. The benefit achieved by the addition of SB as a source of fiber in the diet in the current study may be due to these structural material abilities to improve the function of bird digestive systems.
The combination of CC and SB improved broiler performance, as demonstrated by lower FCR in birds fed CC together with SB. It is hypothesized that coarse particle size and structural fiber may have: 1) extended digesta retention time, leading to prolonged exposure of nutrients to endogenous enzymes; 2) promoted gut reflux, re-exposing undigested nutrients to digestive enzymes for better digestion; 3) created a better microenvironment for enzyme activity around coarse corn particles of SB that has a strong water-holding capacity; and 4) enhanced gizzard activity (Svihus et al., 2002; Gabriel et al., 2003; Engberg et al., 2004) , leading to secretion of more digestive juices and better ability to grind feed particles. In the current study, birds fed CC had heavier gizzards and lower digesta pH than those receiving FC diets. These results are in agreement with the findings of Naderinejad et al. (2016) , in which finely ground corn increased the pH and reduced the weight of the gizzard compared to corn ground to medium and coarse sizes. In addition, Dahlke et al. (2003) and Parsons et al. (2006) reported that gizzard weight increased linearly as corn particle size increased. Therefore, considering particle size and fiber during formulation of broiler grower and finisher diets may benefit growth and feed conversion.
Interestingly, there was a particle size × Na interaction for counts of Bifidobacterium and Clostridium spp. The birds fed FC had increased counts of both bacterial groups compared to those fed CC when 0.16% Na was used. Jacobs et al. (2010) stated that incorporating coarse particle size, as compared to fine particle size, into broiler diets may have an indirect effect on birds in reducing enteric disease through altering the gut microflora. More specifically, a larger particle size may increase counts of beneficial flora or decrease the counts of pathogenic flora, such as Clostridium and Escherichia, or both. However, our data could not confirm this observation, as both Bifidobacterium and Clostridium spp. showed lower counts in birds fed CC in diets with 0.16% Na. Bifidobacteria have been considered as a probiotic and members of this group of bacteria have been linked to a healthy gut (Vlasova et al., 2016) , while Clostridia have been reported as unfavorable to birds (Prescott et al., 2016) . The current study observed a decrease in both beneficial and unfavorable bacterial groups when CC was fed. Therefore, whether coarse particle size alters the microflora in a beneficial way requires further investigation, possibly at a global scale.
In general, dietary fiber may deliver a number of health benefits by altering the composition of the gut microflora. Fiber appears to have a beneficial impact on the host through selectively stimulating the growth and/or activity of one or a limited number of bacteria in the gut (Glenn and Roberfroid, 1995) . In the current work, SB as a source of fiber increased the number of Bacillus spp., which suggests that the SB may be a good candidate as a source of prebiotic that can be used to improve gut health and thus the performance of chickens. The observed effects of ingredient particle size or fiber on intestinal microflora may be elucidated by one or both of the following mechanisms: First, reduced pH through enhanced gizzard development and increased secretion of HCl in the proventriculus may lead to an antimicrobial effect on some pathogenic bacteria entering the distal part of the digestive tract (Engberg et al., 2002) ; second, competitive exclusion promoted by colonization and proliferation of beneficial microflora may reduce proliferation of harmful bacteria (Bjerrum et al., 2005; Santos et al., 2008) . A higher Bacillus number caused by SB addition in the diet in this study may be an example of the competitive exclusion mechanism.
In conclusion, the inclusion of SB independently or in combination with CC improves bird performance demonstrated in the current study. The results suggest enhanced gizzard development as a mode of action. The combination of CC and SB was more beneficial than either of them on its own to growth performance and feed efficiency of broilers. Further, SB significantly increased the number of ileal Bacillus spp., suggesting SB is a promising prebiotic for broiler chickens.
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